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a r.^ method of identifying sane 



Field of invention ' 

The present invention's directed to the marking of commercial 
bulk products,, so as to' allow for the verification of the genu- 
ine, nature and the. absence of dilution, of said products. It dis- 
closes a method for the invisible in-product marking, as well as 
corresponding authentication procedures and means which are par- 
ticularly suitable fdr field audits. Further, a. method for the 
off -the-field precise' laboratory verification of adulteration 
levels of the said marked .bulk products ' is also given. 

Background of the invention 

i • ■ 

• I- 

in a. global economy j which facilitates the trans -boundary move - 
' ment of commercial goods, there is an increasing need, from the 
side of .tax authorities and brand owners, for methods allowing 
to control the genuine nature " of merchandise . 

* ' ' !•■ 

i • • 

In the particular . case of bulk products, such, as distilled alco- 



holic beverages', pe 
most counterfeiting 
adulteration of the 



: rfumes, medical preparations,- and the like/ 
is actually performed by replacement or 
original, contents , while recycling original 



packaging. Bulk products or bulk materials/ in general t are .di- 
vided, solid or liquid materials which are handled by volume or 



by weight. 



'I 



Material -based security, solutions (overt and covert) , incorpo- 
rated into inks an|i applied through various printing processes, 
efficiently '.allow, to distinguish genuine packaging from counter- 
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ieit - one. However, .a genuine packaging' a*=« *- « ^ 
itself for that the product content is- genuine too, , 

i a 'the •dilution' of a genuine product 
^oduct adulteration, i.e. the ^icular concern. ■ 

a ^fel: U^rage! for ,hich the te.ee 

■SL'S^S. b e «- • ~; £ 

.,telt wiS en aXcoholic 'back-yard" -product. . manufactured .out. of 

■ such, adulteration ceueee important losses to the state and 
2 aL have ooneeouLce. to public healths in caee «ue« the- 
"back-yard, alcohol ± poor ^ality contain*' larger amounts of 
^thanol and/or other toxic contaminants. 

State of the art 

■ The in-product marking and the authentication of bulk products 
2 the !b 3 ect of nujarous. disclosures of the prior arc, US 
515 *Ts3 discloses trie marking of petroled products with latent 
Z added afthe ^eveX of parts per milXlon, , .-^^ 
Ise^entxy revealed througn a colouring reaction 

kscloses the nee. of latent fluorescent marker..-,* the 
W of fluorescein. ister,. aix for the se™ purpose. The -a 

. thermore been discipsea. j-» 
5723338 and US 5843783 . 

^methods and coiorahte proposed in the ^^J^- 
■ though they are suited for. the marking of petroleum Products 

"Tit appropriate for Corporation, into products for buman 
- plication. s u=h as aXcohclic hevera g e S; . : perfumes..ands l ed 1 cal . 
. preparations.- for Several reasons: 
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i) The products are bither not soluble or do not chemically 
withstand in" a largely aqueous environment, * such' as pro- 
vided by products), for human application; 

ii) the transparent recipients (glass bottles, etc..) in -which 
..such' products ari often commercialised do not sufficiently 

protect the organic marker from photo-degradation; and 

iii) the addition of markers to a food, drug or perfumery prod- 
uct must be compliant, with public health and the prescrip- 
tions of regulatory bodies such as the FDA and/ or the ATP 
bureau, Which' is| not the case f or most of the cited marking 
substances of tlie prior art. 

The documents US 5942444 and US 577S713 . disclose biologic mark- 
ing agents*,, to be .detected, with a specific, monoclonal antibody. 
The- technology suffers, however, from certain limitations, .too: 

a) The preparation ofe .monoclonal antibodies -to specific marker 

'* *.* * * . 

molecules, is costtly and time-consuming, inhibiting a fast 

* change of code', to a new marker and detection system; 

b) the amount of marker ' which must be present . (e* g. 20 ppm in 
"Eau de Cologne' 1 lor in Whiskey) can be observed* with the help 
.of modern'- analytical tools such as* GC-MS* and .HPLC, and this 
the easier as both methods .recommend that no similar chemi- 
cals should be 'present in the product aside the marker, i.e. 

.that* there may b|s no "forest to hide the tree";"' 

c) the' proposed detlect ion ' system is only of qualitative nature, 
able to detect the presence of a counterfeit or adulteration, 
without, however, the capability of quantifying the degree of 

' adulteration. 1 

" . . . • . ! * * • * . . • 

* ■ -i . • 

The' document US 20020048822 dxscloses tbe marking, .of a product 
with a "marker molecule which can be electrochemically reduced or 
oxidised/ Presence 



and amount of; the marker is electrochemical ly 
determined with the heip of amperometric or coulometric elec- 
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trodes. The proposed preferred authentication' method is liquid 
chromatography (HPLC) separation coupled to an electrochemical 
'^detector, which is however not suitable as a field-portable 
• -auditing instrument. T^ie' 

method recommends as well that the - 
product should be freej of other electroactive compounds, .i.e., 
• that there may be no "jforest to hide the tree" 

■ ... ■ \ • • 

The documents US 5981^83 and US 547493.7 disclose the marking oi 
'liquids by non-radioaitive isotbpic compounds The marker is ol 
similar nature as the/ product to be marked and can thus be per- 
fectly hidden. Only sjib-ppm amounts, of markers are furthermore 

parts per billion (ppb) . The authenti 
cation is performed by modern analytical tools, comprising a 
gas-chromatography (GC) or electro-spray mass -spectroscopy (MS 
separation step, followed by a classical fragmentat ion-mass - 
spectroscopy ' (MS) analysis step. However, even this approach 
suffers .from limitations: 

a) -The deliberate addition of isotopically marked -compounds in 
food or beverage broducts is increasingly less tolerated by 

. regulatory authorities? • 

b) the cost- of isotypic marking compounds is rather high, al- 
• though, the choice of such '• compounds is almost limitless; 

c) the authentication, by"-GC-MS or MS-MS, of ppb, amounts of 
.markers is time -.consuming and requires expensive laboratory 
equipment • and hi| 3 hly.' skilled operating personnel, which mak 
it unsuitable fdr rapid fieid audits. 

• . ••• I' - '" ' ' "■ • 

It xs an. object of { the present invention to overcome. the short 
coming of the priojr art., providing for in-product marking' meth 
. ods and means- for. branded or' taxed bulk goods 'which 'are suited 
for human' application.' 

i ' - . • 

• • • ' I • • • ' 

.'" ' • ' I'' ' ' ' • '.. •'• 
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In particular, it is aii object of the present invention to pro- 
vide, an invisible marking method and means' for identifying the 
authenticity and the genuine nature of alcoholic beverages/ per- 
fumes, "and medical preparations/ wherein the .marking means can 
be easily incbrporatedj (by • mixing . or by dissolutipn) into. the 
said bulk products , are robust " against aqueous environment and \ 
light > doe not alter tjhe .properties (i.e. taste and smell) of 
the marked products , do. not have any negative impact on the . 

i . • 

health of the consumer, «.and allow for a qualitative and quanti- 
tative determination, tf the -level of adulteration. 

It is a further objedfc of the present invention to provide a 
method of. identifying and roughly assessing a correspondingly 
marked product, .whiclji is particularly suited for the screening 
in the ^ield, .and which can be backed by more precise laboratory 
analyses • 



These objects are 
pendent c 1 aims ♦ 



solved according to the- feature of the inde- 



Summary of. the invention 



The marking method ^nd means for identifying the authenticity 
'and the genuine nature of the- present invention applies to bulk 
materials, that -meSns liquids or divided solids' which are hah-, 
died on a per volume, or on : a- per weight base. The method, is "par- 
ticularly suited for bulk materials which a.re. destined to human 
. application, • such as -.'food & drink, pharmaceutical preparations 
or cosmetic produces, - •* 

The method* consists in the incorporation of at least one "ion as 
a marker into' the {product.- to be* marked. - The.* marker ion- or ions 
* for .the said applications must be: inexpensive, robust, food 

•"'! • v \- • •'■ .. .... ' 
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» • * * 

grade, naturally occurring in order fco not raise regulatory con- 
cerns, hidden by naturally occurring' similar ions, and 
declinable in many different keys or combinations of keys. 

» * ' * . * 

' The product (hulk material) to be marked can be a liquid such as 



a distilled.' alcoholic 



beverage or an Bau de Cologne, or a solid 
such as a pharmaceutical preparation or a cosmetic product- The 
' marker {or trace) ions are preferably incorporated into the said 
bulk material by the Jmeans of a marking composition containing 
them in the form" of appropriate salts: 

The invention is based on the idea that the compounds, espe- 
cially the ionic compounds which are used., for the marking of the 
product are preferably selected in accordance with a composition 
of .an already naturajLly occurring material, i.e. sea water. This 
assures that there are no regulatory concerns about the marking, 
because sea water is an environment • which is compatible with hu- 
man and animal health for already millions of years . Neverthe- 
less , the addition or incorporation of such compounds and the 
-resulting concentration has to. comply- with the various and nu- 
merous legal requirements in force for- food,' drugs, cosmetics 
etc. like for example the laws and " regulations concerning drink- 
ing water. The amount of marking composition and especially the 
individual concentrations of the ions, incorporated in the marked 
material or product can be easily kept at non -toxic levels in 
case the marked material or product is intended for human or 



animal use." 



I 



In the' context of the present .invention, - standard sea water is 
defined as having ihe average 'compositional values listed in Ta- 



ble 1' below-. Table 



1 ref er's : to sea water samples . taken- from the 
•North Pacific and having a salinity of 3. 5%. and is taken from 
the article of. Yoshiyuki Nozaki in the Encyclopedia of Ocean 
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b) 



»c, conservative; n; hutrient-like, s, scanvenged? r, redox sen- 
sitive;- anth., anthropogenic. 

• ' . , 1 ... 

The method ..of marking a material, .preferably- a liquid comprises 

■ ' •.',■>' ' . ■ • 

.the- steps of 

identifying at.leas.t one ion comprised .in the said material 
at a concentration level of below 5.0 ppm in the unmarked '• 
state;. • 

selecting a marking composition comprising at least one ion 
.as identified in step a) /and preferably selecting a said ion 
from the groups of ions being comprised in standard sea wa- 
ter; ' . 
.c) - incorporating jfcha marking composition of step b) into the 

said unmarked material;' 
wherein the concentration ' level- of the said at least- one ion in 
the marked material is increased in step oV'by at least the fac- 
tor of 3, preferably of 5 .and even more preferred of 8 as com- 
pared to the concentration level of the ion present in the un- 
marked material . 

The amount of 'marking, composition or ions, respectively which is 
' added to the unmarked material defines an'.. altered, concentration 
level of . the at least one ion in the marked product. This con- 
centration level its. either measured or calculated and thus de- 
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fine, a reference valJe of the marking 'and allows, the latter 
authentication of the [marked material or product. . 

The method for marking .and identifying the authenticity of mete- 
Sal preferably an ajueous or non-agneous liguiu. oomprree, ad- 
ditionally to ' the alrLdy . described .tape of marking the steps 

■ « 'measuring in the marked material the individual concentration 

•" of the said at least one ion by the means of a sensor; and 

■ e, comparing the measured value with at least one reference 

value and indicating the result, of the comparison. 

" The identification of suitable ions for marking .can be based on 
' information which are provided for example by. the supplier of 
•it, -material as a kind of list of ingredients or ionic contents 
or a laboratory, analtsie performed by a! third p>arty on reguest 
• ;of the . customer . ' 
'The' assessment of the pacific ions and their concentration in 

■ the unmarked bulk product can also be performed by suitable ana- 
lytical methods, preferably by ion chromatography, atomrc ab- 
sorption, ion Selective Electrodes or mass spectroscopy. Based 

■ OT these ' results' tht selection of ione or ionic co^ounds rs . 

I 



done afterwards--' 



X definition of -an japper limit for the concentration levels of 
the ions which are [suitable for the use as a. tricing compound an 
the- making composition is advantageous since , this allows a ■ 
larger variability iof the amount of marking composition added to 
the unmarked material or product. Further,.: there are no large 
risks - that someone is violating a law or " regulation in case an 
addition of huge.aLunts.of marking, composition is '.necessary due- 
• Co an. originally' high concentration • level of the . ion used for 

EmPf ansszei t' 2..JuJ i 17:41 

\ . . ;. ' . .'. .• ... '.' ■ .. ■. " ' . 



■«"-«« ir.-45 



VON -Hepp « e „ Mr 4 WfB| A(Ji f(| 



+41-ri-91'3955B 



PSIC076EP / 02.07.03 



11 



T-755 P.020/047 ^ 

PSICO76EP-O3O0295 



marking. An upper ion (concentration limit of so PP m has found to 
be suitable, in general Depending on the material or' product to 
be marked this upper limit can be shifted to higher values; like 
150 ppm or 100 ppm or to lower values, like 20 ppm or lo ppm • 
Since the detection lpt t of electrochemical sensors is around 1 
part per billion (Wb L micrograms /kg) , the upper concentration 
limit for an ion suitable for use in a marking composition is 
high enough to snsurW a safe determination of .the concentration 
of an- ion in an unalttered material. 

Preferably, all thosi ions which .have a . concentration around l- • 
ppb or higher in standard sea water are suited as potential 
•marker* in- the conteit of the present invention. Commercially 
available electrodes are usually capable of determining SUc h low 
concentrations without the need for a pre-concentration of the 
samples (which, of course, is also a feasible option in diffi- 
cult, cases, using ox^e of the evaporation- or accumula- 
tion/stripping methods known to the skilled in the art) . 

The marking composition may comprise at least one salt of the ' ' 
group- comprising an) inorganic or an organic salt." The selected 
ion may be an inorginic or an organic . anion or cation, in case 
of a liquid product the marking composition, is preferably cho- 
sen to be completely soluble in the product. 



in particular said jion may be an anion selected from, the group 
comprising fluoride', chloride, bromide, iodide, borate, carbon- 
ate, nitrate, phosphate, sulfate, and selenate. or an anion se- 
lected from the gr<4up of anions comprising the anions of the 
formula [BW 0H) jj. wherein M is- an arbitrary chemical element 
of the periodic sykem, and x ,y, 2 , and n are positive inte- ' 
gers, and x being greater or equal to 1. Suitable ions are also 
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c ^ oxy li= ana s.Wic acid anions, wnerain * I- » 

organic residue or hydrogen. . 

9 eati on selected from the group comprising 

.), sodium(+), potassium (+> . rubidium ( + ) , 



The ion may also be a 
. ammonium (+> , lithium ( 



e,i* m e>*\ calcium (2+) , strontium (2+) , bar- 
cesium (+) , magnesium ( 2+ ) , caxciumv* >, ^ 



ium(2+), iron C2+/3+) 
zinc (2+) , or a cation 
tions of the formula ' 



cobalt (2+) . nickel (2+) , copper (2+) , and 
selected from the group comprising the ca- 
[MxO y (OH) z ] n *, wherein M is an arbitrary 
chemical element of - tjhe periodic system, and x, y, z, and n are 
positive integers, and x being greater or egual to 1. Other 

complex cations, such as ammonium^) and 
derivatives MRT wherein R is an organic 



suitable cations are 
the organic ammonium 
residue or nydrogen. 



A typical marking 
a well defined ratio 
number of. existing 
marking keys. ' 



composition may include three to four ions in 
" By using the ratio of various ions, the 
clombinations is big enough to offer many . 



• The minimal 3-fold.excess concentration of the' added ion -in the- 
marked product in comparison to the concentration- in unmarked 



product or material 



ensures that the difference is high. enough 
ro^exceerthe'value of the standard deviations of measurements 
m ethods used: The ekcess of the ion concentration may preferably 
be at least five- ^ better at least eight-fold of the concen- 
tration of the ion in the unmarked product or material. 

The concentration if the marking composition or the ions com- 
prised in the marking- composition, respectively which is added 
to the unmarked priduct is determined, either by measurement or 
' by calculation based on the added amount and stored at suitable 
locations like database, production reports etc. The reference 
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values may also be ad^jed ' directly to the product label as a code 
whxchwill be readable! for authentication 



purposes . 



.The marking method according to the present invention are par- 
ticularly suited for Aarklng bulk products destined to human or 

•animal application or| use, in particular products' selected from 
the group of products! comprising alcoholic beverages, perfumes ' 
cosmetic products, anja pharmaceutical preparations. 

A method of identifying the authenticity of a material, espe- 
cially a material which wee marked according to the method de- 
scribed above comprises the steps of s 

a) providing reference values of at least one ion comprised in a 
marking composition which has been added to the material:. 

b, measuring by the teens of a sensor an individual concentra- 
tion of at least |b ne ion in a material to be identified, the 

. sensor being capile of measuring individual concentration 
values of the iodic compound,- and 

c) comparing the measured value with at least one reference ' 
value and indicating, the result of the comparison. . , / 

The reference valuej, are either provided to the authorised per- 
sonal by the manufacturer of the. product who has marked' the 
product or the reference values are already available in form of 
a- code for example kppl led . on the contalner o£ ^ 
rial Beside these ways there are still other ways known to the 
skilled person to provide reference data. ' . 

said measurement o^ said marked bulk material is preferably per- 
formed in-the-fiel*, as a field-audit, using an electrochemical 
sensor, preferably an ion-selective electrode, or a multi-ion- 
selective electrode, or an ion- selective Field- Effect Transis- . 
tor. such field-aufUting allows for a quick checking of l lquid . 
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Mt «i se , using a sp.aU, handheld, battery-powered instru- . 
ZL able to be carried to every place. The used sensor, is ca- 
Z e - — individual concentration values - the ionic 
components comprised xn the composition, and to gxv* a fxrst xn 
ITidentif icatxon of the authenticity and. of the genuxne nature 
ot tbe marked products is preferably performed with tbe help of 
electrochemical methoks, as known to tbe sailed xn tbe art. Tbe 
corresponding equipment is small, field-portable, and able to 
deliver almost immediately a concentration read-out for a se- 
lected ion with the nelp of a corresponding sensor. Useful sen- 
sors comprise ion-selective electrodes, multi-ion-selective 
electrodes, ion-selective Pield-Bf feet-Transistors, etc. and are 
commercially available. ' . 

The invention relies! - already stated, on the ability to meas- 
ure the concentration' tM of amazing ion in situ with the help 
of a selective electrode: Such selective electrodes are known xn 
the art and available from various suppliers for a large number 
■ of ions and molecules. During the measurement, the electrode xs 
pari, of an electrochemical element, comprising a reference elec- 
trode (giving a standard potential reference) , a working elec- 
; trode (which is the I selective electrode) and an electrolyte 
• (which, is the liquid to be analyzed).. • 



The electrochemical 
lates the measured 
sought concentratiop. 

AE - AEref - 

as known to the 



element obeys the Nemst Equation, which re- 
electric potential difference AE to ■ the 
[M] in the electrolyte: 

0.059* log[M] •. 

in the art. 



skilled 



ion-selective eleirodes are widely used for the assessment of 
aqueous solutions in environmental analysis (both in the field 
and in" the laboratory) , in the food & beverage industry, as well 
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• . as. in the biomedical sjad pharmaceutical ' industries . Such elec- ' 
.-; trodes are readily available for the anions F", ci", Br" I"" and 

the cations .H*, Kt. There are also selective electrodes' 

available for certain (divalent ions, such as Ca~ and Cu-J •' ' 

- - . I " • • 

65C " JS ' tlMlt «ork ing | principles ere ^ UIKjarstood; ion 

• selective electrodes ten also be. made on purpose for a deter- 
; mined ion. There are basically three types Qf selactivg ^ 

trodes: a) those bas sk on a glass mimbrane (for HV pHelec- 
trode), b) those basJd on an insoluble inorganic - salt membrane 
(e.g. zns is selectively sensitive to Zn=* and to s*" ions) • and ' 
o». those based on iof exchange or couple*. forming.- resins. W 
. ing. an insoluble sal of, or a selective complex former for a 
determined ion, it A W always possible to obtain a selective 
electrode.. The-worxiAg principle of . a selective .electrode is ' 
very well described Lnd explained in. -Electrochemical Methods" 
-(Eds,* A. Bard and ij.ft. Faulkner, Wiley and Sons, i 9s0) . 

Respite of the recordation for an exclusive use of these ion 
.elective electrode, in. aqueous. solutions/ we surprisingly dis- 

' aTIZliT i0 T" SeleCCiVe - ..^iiably woL in 

. . alcoholic beverages | containing as much- as Sv* ethanol. as well 

as in perfume contafning up to 63% ethanol. provided that some 
care ls taken during and after' the measurements. 

toother suitable electrochemical sensor for determining the 
authenticity and t* genuine nature of . marked ' products in the 
f«ld eccording to (the invention t. the ' ion r sensitive,f ield- 

advantlT-'"" ^ SPET,: - ^ ^* °* technology offers, the 
■advantage- or a sensor manufactured by ' conventional semiconductor' 

technology, allowing for a nigh level if ,.. ' . ™»"=tor 
■t'„^==n „"l ' 3 level of integration and mlnia- . 

tunsat ion of the sensors 



I 
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The working principle 
references therein, is 



sorbed ions from the 
gate of the MOSFET, 
through the MOSFET' s 



of an ISFET, . described in US4816118 and 
based on a charge build-up on the gate of 
a MOSFET transistor, *o this purpose, the MOSFET transistor, 
manufactured in a standard CMOS process, has an electrically 
.free floating'. gate,Wch is coated with a resin or an inor- . 
ganic compound, able ko selectively interact with the target 
ions or molecules, adsorbing them to a certain extent. The ad- 
solution produce an electric field at the 
:esulting in a change of the current flow • 
channel, which is a measure for- the target 
I^ o rmolecule concentrations in the solution- The measurement 
ig taken against a standard reference electrode, as in the case 
of an ISE. Manufacturers of IBB such as SENTEK Ltd. (UK) offer 
Combination-ISE sensors, with a reference electrode already in- 
cluded in the sensor. This type of device offers the following 
advantages for' their integration into a portable field audit: 

- No additional reference electrode needed * compact system 

- Ideal for unskilled operating persons 

- No electrode-filling- solution needed 

- Virtually unbreaksble ... 
. - Can be left dry for long periods 

- Long lifetime 

- Relatively low cost 



Combination 
•ers, including 



electrodes 



' Met x ohm 



For the reasons mi 
f erred.- However s 
the. present invent 
also present. 



can also be obtained from other suppli- 
i. Analytical Sensors Inc. or Jenway. 



entioned, said type of ionic sensor is pre- 
tandard ISE- sensors can also be used to embody 
on, provided that a reference' electrode is 
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In addition to the field-auditing step, the method may further 
comprise an. of f -the-f ield laboratory conf irmation of a suspect 
sample which has been collected during the field audit. The off- 
the- field laboratory analysis is performed- by using a high- 
precision analytical iiethod selected f rota the group of methods 
comprising atomic absorption spectroscopy (AA3) , ion chromatog- 
raphy (IC) , and mass {spectrometry (MS) and combinations thereof. 
All these method's are| known to the. skilled in the art of ana- 
lytical chemistry and need not .be further described* here* 

The sensitivity limit of ion chromatography (IC) in. aqueous sam- 
ples for common ions such as fluoride, chloride, nitrite, ni- 
trate, sulfate, lithium, sodium; ammonium, and potassium is in 
the parts -per-millio:i (ppm) range, using conductivity detectors 
at the column outlet. On certain types of columns,, pre- 
concentration techniques may furthermore be used, i.e. the' sam- 
ple is accumulated at. the top of the' column under a first set /of 
conditions (generally choice of solvent and temperature) , and' 
migrated (separated) under a second set of conditions, pushing 
the sensitivity to the parts-per-billion* (ppb) level.. Corre- 
sponding equipment is available from Metrohm, Dionex, and oth- 
ers . It is expected that future field-portable ion chromatogra- 
phy equipment, will aven more" enhance the capability, of the 
herein disclosed marking and. authentication method. 



in a first embodiment of the present invention a distilled alco- 
holic beverage, hairing an ethyl alcohol concentration of 20 to 
60 Vol% is marked with an marking composition comprising ionic 
markers.. The major ! constituent of the beverage .is water. The 
preferred marking Composition • in this case is an inorganic salt 
or a combination of inorganic salts .containing different ions. 
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ttU preferred ions ^e chose. among the group comprxsxng fluo- . 

chlorides, bromides, iodides, nitrates, sulphates, phoe- 
^e , sodium, potassium, magnesium, calcium, and. strong, or 
Impure -thereof. These ions, are occurring naturally in mineral 
and in sea water: Seguing the amount of added marker , care - 
he taken to comply with local legislation and not to exceed 
Te maxi-a admitted [aval for the said .ions in drinkxng water. 

■paring their manufacturing process, distilled, alcoholic bever- 
■^es are normally dieted, either after the distillation or af- 
ter the maturing stage, This is done by adding drinkable 
(spring) water in order to reach the desired, percentage of ethyl 
alcohol (e.g! 40 %). it is -therefore expected that the fxnal al- 
coholic : beverage product: to be. marked does, already contain some 



common presentl in the' diluting water. Pox .thi s 

is imported to analUe the natural . ion, content of ..the alcoholxc 
product prior to marjking/. in order to. dhoose the most appropri- 
ate marker ion or combination" of .marker ions.. The. natural pres- 
ence of ions in the to-be-marked product could-be seen, at fxrst 
instance, as a' difficulty to implement a ..marking accordxng to 
tie present invention. However, all to the. contrary, it allows, 
in' combination with. 



a carefully chosen marker ion. or set of 
marker ions , to improve the solidity of ..the .marking system as 
the already present 
part of the marking 



ions' can. be taken as forming 'an integral 
or as a camouflaging, of it . 



The ionic marking composition is added in a small proportion, 
ranging between' hundreds of parts per million- CpptrO. down to o.l 
part per' million. The -ionic salt(s) .can be made up first, but 
not obligatorily, into an aqueous, solution, l:e.. a "concen- 
trated" or- stock solution .which may contain up to 10 * so-xa 
contents: 'said -stock solution is subsequently introduced into 
' the liguid to be marked, so as to reach .the appropriate- concen- 



I 
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tration levels of ions. The amount of marker (s) present in the 
alcoholic beverage liJs preferably between 50 and 0.01 ppm. More 
preferably, the amount! of marker is between 5 and 0.5 ppm. • 

The marked product ami now be audited by inspectors in the 
field, to check for tjxe authenticity and genuineness of the 
product or for its potential adulteration. This is best per- 
formed by using portable potentiometric electrochemical lon- 
Selective-Electrode (flSE) .sensors," whichallow for the rapid and 
selective detection Jf trace amounts of ions present in an else- 
trolyte* 

With respect to the iirst embodiment of. the present invention, ' 
the method- of marking and/or identifying the authenticity of the 
•bulk material includes following steps: . 

* Determination of ^he natural ionic content in the' alcoholic 
beverage . for the jproposed marker. 

in-product. markirig of . the alcoholic beverage with at least: ' 
one ionic compound at. the ppm level.. 



- Field inspection to determine the genuine nature of the 
traded product; or, if the case, its adulteration level using 

.a portable sensor unit,, such as an electrochemical sensor, or 
portable chromatography equipment/ such as Ion chromatogra- 
pfay. . { ~ • 

- Off-the-field laboratory inspection to confirm the results on 
suspect samples {and to precisely quantify their adulteration 
level. 

j 

A second embodiment of tise present ^ direoted fco 

ronic marking of perfumes. „. preferred m ^ Lng con ^ osttloli ^ 
this embodiment is a seat or a coWbinatioo o£ conta 
many different ions. As perfumes are products which' are not des- 
tined to be ingested, the amount and nature of useful ' ions in 
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than in the first embodiment. Care must be 
the corresponding legislation.- 



The ionic marker is added in a .mall proportion, ranging between 
hundreds parts per million (ppm) down to 0:1 part per *^-< , 
preferably between sob and 0.1 ppm, and even more preferably be-. 
t ween 100 and 0.5 ppm|. Said addition of marker can be performed 
using a pre-formed, mpre concentrated stock solution. 

The auditing of the inuine nature of the marked products . can be 
done along the same lines as' given for the first embodiment. . 

in a third embodiment of the present invention the bulk product 
to be marked are drugs or pharmaceutical ingredients, especially 
in form of tablets or. powders. The preferable marking co^posx- 
tion in this embodimant is a salt or a combination of salts con- 
taining many different- ions. Similar as in the embodiments be- 
fore a typical marking includes three to four ions in a well de- 
fined .ratio. By using the ratio of various ions, the number of 
existing combinations is large enough to create many marking . 
keys . 



as pharmaceutical 
must be taken to 
be' health compatible 
peutic effect of 



product 



choose 



thle 



s are destined to be ingested, care 
the nature. and amount of ions so. as to 
and not perturbing or inhibiting the thera- 
main active ingredient ' in the drug. 



Tne ionic marking composition is added in a small proportion, 
ranging -between thousand parts per million .(ppm) down to 0.1 
part per million, preferably between 1000 and 0.1 ppm, and. even 
m ore preferably between S00 and i:o ppm. Said" addition of mark- 
ing composition cak be performed by using a pre-formed, appro- 
priately concentrated stock formulation, in which the ionic 

E/npfansszeit 2. Jul i 17:41 



PSIC076BP / 02-07.03 



4 Ryff8l AG. „j| 



+41 -71-9) 395S6 



7-735 P. 030/047 



F-8 



21 



?SXea7GEF-0"30029S 



marking composition i sj- pre : mixed with the pharmaceutical product 
at a concentration of a few percent. This stock formulation is 
then added to the f±aJi pharmaceutical formulation at the re- 
quired percentage, either during their manufacturing, or after ' 
during the conditioni^g.-process. " Alternatively, a diluted solu- 
tion of the marking composition can be dosed to the pharmaceuti- 
cal product, e.g. the) tablets during the packaging (blistering) 
stage. . 53 

Auditing can be perf Jrmed similar to the way disclosed in the 
first embodiment. However, because the marked product is a 
solid, it must be dissolved or dispersed appropriately, before 
any electrochemical Measurements can be made. The various ele- 
• ments composing the ifield measurement equipment and the various 
.marking and identif Ration steps are -similar" to the ones de- ' 
scribed in the embodiments before. 

The invention is noJ described in more detail with the help of 
examples and figures'. 



Figures 



• I 



Figure i, shows a schematic representation of the marking and 
.identification method,-' and' 

Figure 2.- shows an fexample of a portable field audit equipment 



I " • ' • . 

i • 

Exemplary embodiments ■ 

A schematic overyiL over -the TOt hod for martin and determining 
the authenticity aid genuine nature of. a hulk product is E ho«n 
in Figure 1 . ! ' • 



I 
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The concentration levels of the ions contained in the product ■ to 
. be .marked are determined by suitable methods.. From the so ob- " 
.tai.ned list a selection is made of. ions which- occur in the un- ■ 
marked product at -a concentration level below 50 ppm. Suitable 
. salts of these ions are. mixed and thus a pre- fabricated stock 



solution or powder io 



is prepared. 



. A.pre-fabricated stock solution or powder 10 is" blended with" the 
bulk product li- resulting in a marked bulk product 12. The bulk 
product 12 is furtheij processed and distributed {not shown) . 

• . At a later point in (lime the" distributed batches are' tested "" 
. whether they are .till in their genuine" condition or- .if they • 

have -been, counterfeited or adulterated." A. distributed batch .20 ' 
. is' selected and a fikd audit ■ analysis 21.-; is done using the apl 
propriate equipment .) The result 22 indicates' identity, forgery 
or adulteration of tjbe distributed batch.. 

If the result 22 indicates .any kind of manipulation on the dis- ' 
tributed batch 20, el sample is. taken; for an laboratory analysis 
• 30 .in order to confirm the result . 22 of ' the field audit test. 

The portable field judit equipment according to Figure" 2 cbm- 
prises the components.: 

• (1). a marked reference solution standard cuvette for calibra- 
tion? 

(2) a de-ionised water cuvette for electrode initial condition- 
. ing ; I 



I 



(3) a aatupie-to-be^audited cuvette;,. " 

(4) a stand for .thfe 'sensor (s.) / 



(5) a combination 



ISB sensor; 



(6) a. temperature Isensor; 

. • . • i. • 
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(7) a millivolt-meter with ADC converter; and 

(8) a- laptop PC . with, kedicated analysis software*. 

The marked reference solution 1 is a reference sample of the 
genuine marked alcohol. It is contained in a 30 ml cuvette and 
enables for a proper calibration of the sensor. The de- ionized 
water cuvette 2 contains, de- ionized water with, ionic marker in a 
30 ml' cuvette which serves the purpose of conditioning the sen- 
sor, prior to an initial measurement. The sample cuvette 3 is a. 
30- ml cuvette containing the sample to be. audited. It. is pre- 
ferred that the cuvetjtes 1, '2 and 3 are identical and that they 
contain identical volfumes of fluid, "to increase the precision of 
the measurement . 

the stand, for the sensors. 4' has the purpose of: allowing for 
identical, reproducible immersion of the sensors in the cu- 
vettes.' The electrochemical sensor 5 " is a combination ISE elec- 
trochemical for instance of the type Fluoride /direction manu- : 
factured by SENTEK, JSraintree, Essex, UK., its- technical specif i- 
cations areas follows 



Ion . 

Slope:' 

Range.: 



b 

bad 



Fluoride ( 

-57mV / depade in concentration 

*. .* 

0.2 to 19 ojo ppm 



•.Analog electrodes exist from the same supplier for iodide (Io- 
dide direct ION) , bromide ^ c&loride, sodium (+)', potassium (+) , 
calcium(2+), stroxxt:,um(2+) , copper(2+), etc. • 

The temperature. senior 6, such as a thermocouple, provides in- 
formation to the analysis software for the- compensation of tem- 
perature influence In. the calculation of the concentration value 
from the measured electrochemical, potential.'. The* millivolt - • 
meteor 7, which measures the electrochemical potential,, prefera- 
bly includes an anaiog-to r digltal converter, such as the Meter- 
Less Et.IT™ computer interface, allowing the' user -to link the Ion 
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specific Electrode (•) directly to any type of Laptop PC without: 
needing to use a conventional potentiometer or pH-meter. The 
portable laptop computer 8" contains the appropriate, dedicated 
analysis software, to calculate- the concentration of the 
marker (s) in the audited product/from the measured potential 
value(s), using" the cir re spending physico-chemical formulas such 

as the Nemst law. The result can be presented either inabso- 
,lute values for the alditor. or - as a summary displays "Genuine / 

Counterfeit./ Adulteration". 



Alternatively, field- 
also be used for the 



•portable ion chromatography equipment can 
field-audit in appropriate environments. 



Example 1 : Marking ofi a commercial brandy with fluoride -ions . 

The natural ionic content in Fluoride in the brandy to be" marked 
was- measured using a Fluoride Ion Selective Electrode .and was 
determined to be below the detection limit (0.2 ppm) of the. ISE 
sensor. Fluoride was consequently determined as bfcing suitable 
for the marking of t^ie commercial brandy. . • 

A concentrated . aqueous stock solution of the marking composition 
was prepared by dissolving : 0 .1- % w/W of sodium fluoride in high 
purity distilled;water. Q.S g of the above. stock. solution was 
then added to 999.5 g of a commercial brandy tb. prepare a refer- 
ence marked brandy Having a fluoride concentration- of 0-5 ppm. 

To simulate criminal adulteration, the reference marked brandy 
•was subsequently' "diluted" -.with non marked brandy to various ex- 
tend y making up • brajdies A .to E as can be seen in Table 2. 



Before starting the 



authentication measurements, the field de- 



tector was activated by dipping the. fluoride ISE electrode (SEN 
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TBK) for 30. minutes in! 1 ppm aqueous sodium fluoride solution; 
The combination electrode is also connected via the ELIT- AD con- 
verter to the Laptop computer. This activation is only necessary 
if- the combination electrode is left dried for a. few hours . The 
ISE fluoride detector^ was then calibrated by using 20 ml of the 
reference marked- brandy. The voltage output at the. combination 
ISE fluoride electrode was measured via the ELIT interface after 
dipping the combinati<j>.n electrode for 120 s in the reference 
sample. This proceduri was -repeated three times with careful 
washing with de-ionized water and drying in between.' Provided 
that the three calibration measurements are within 1% differ- 



ence, the calibration 
tial'is taken as the 



is then validated and the. average pot en - 
calibration value for the; marked alcohol. 



The marker concentration in the- sample A' to; E was then measured 
The combination electrode is immersed in the .2-0 ml samples and . 
the voltage output t^en" after 120s.. a careful washing with de- 
ionised water and drying of. the electrode between the samples is 
also required. The measured potential value , are repbrtad in Ta- ' 
ble 2 with the corresponding extrapolated and- computed concen- 
tration level (from" £emst.law and calibration measurement) . The 

then compared to theoretical values. 



results obtained are 



Prom" the results it is concluded.-. that sample A is ' genuine marked 
alcohol, .sample • B is| .counterfeited alcohol and sample c, D, fl- 
are genuine marked jfroducts. which have been adulterated to vari- 
ous extent. The fieljd audit system, is precise enough to detect a 
. 10% adulteration level (sample E) . 

Table 2 • \ 



Brandy j 

• i' 


A- 1 • 


B- 


. c 


D. 


E • 


Th. Fluoride concentra- 
tion .(ppm)- , j 

• i 


•' 0 .'5 


0.-0- 


0.2' 


. 0.3 


0 .45 
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Measured Voltage " (mV) 
(Field) 
Cal. concentration ( ppm) 
(Field Audit) 



341.25 



0.50 



227 .29 



0-01 



317.82 



0.20 



327.66 


338.34 


0.30 


0.45 


*** 


'••***■ 



Status- report (Field- 
Audit) 

*i Genuine; ** ; Counterfeit ; 



Example 2 : Marking of 



** 



*** 



a cotnmercial whisky .with, iodide ions. 



The natural ionic content in. Iodide in the whisky to be marked 
was measured using a Iodide Ion Selective Electrode and was de- 
termined to be below jthe detection limit. (0,06 ppm) of the ISE 

sensor- Iodide' was- consequent ly determined as being suitable for 

the marking of/ the commercial whisky. • 

A concentrated aqueous stock' solution of the marking . composition 
was prepared by dissolving 0.1 % w/w of potassium iodide in high 
purity distilled '.water . 1-0 g- of .that stock solution was then 
added to 999.0' g' of "i commercial whisky to prepare- a reference 
marked whisky' having jan iodide concentration of .1.0 ppm. ' 

To simulate criminal! adulteration, the reference marked whisky 
was subsequently "diluted-"' with-non marked whisky . to various 
extent', making up whkskies A- to D .as can be seen in Table 3. 



Before starting the 
iodide' ISE electrode 



authentication measurements,, the combination 
(SENTEtC Iodide direction) was activated by 
dipping it for .30 mdlnutes in' 10 ppm aqueous potassium iodide so- 
lution. The combinatiioh electrode, is also connected via the ELI.T 
AD cbnverter to the Laptop computer. This activation step is 
only required if; the combination ..electrode is left" dried over a 

few hours'. 
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.The 1SE iodide detectors' was' calibrated by using 20 ml of .the 
reference marked' whi sky ♦ The voltage output at the combination 
ISE iodide electrode wks measured via the ELXT interface ..after 
dipping the cpmbinatiojn electrode in the reference - sample,' stir- 
ring it for a; few seccnds and leaving it at rest.' for SO s : This 
procedure was- repeated 5 times with careful quick washing (4 
seconds) .with de-ionized water and drying in between measure- 
ments. Provided that ; tjhe- last three potential ' measurements are 



within 2% difference , 



average potential* of - .the last ' three 'measurement "is • taken as the 



calibration value for 



the calibration is then validated and the' 



the marked alcohol.. 



The "marker concentration in the sample A. to D was. then measured. 
The measurement procedure- was -performed as described above for/ 
example 1/ except that the voltage output -was taken after .60s.- 
Table .3 lists the measured, potential values together with the ■ 
corresponding -extrapclated arid calculated concentration, level • 
. (from Nernst. law and calibration measurement) ^nd the comparison 
values with the theoretical values, 

Table 3 • 



Whisky 


i. . 
i 


A 


B 




" D 


Iodide ■ concentration 


(ppm) 


1.0 


o.o • 


0.5 


0.9 


Measured Voltage (mVfc Field) 

i 


-126.54' 


-35.02 


-94. 69 


-121.36 


Extrapolated concentration 
(ppm). (Field Audit) j 


• 1 . 02 


0.Q3 


0.30 


0.83 . 


Status report ; (Field 


Audit) 


* 


** 


• *** 


*** 



From the above field audit results it is concluded that sample A 
is genuine marked alcohol, sample, B is counterfeited, alcohol and 
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3 . 

' sample C and D are gehiine marked products which have been adul- 
terated to various extent. 



Example 3 :■ Marking of 
iodide ions 



a commercial perfume (eau de cologne) with 



The natural, ionic 
was measured using a 
' termined to be below 
sensor. Iodide was 
the marking of the 



contjent of Iodide in the perfume to be marked 
Iodide ion Selective Electrode and was de- 
tfhe detection limit: (0 .06 ppm) of the. ISE 
consequently determined as being- suitable for 
perfume. 



commercial 



A concentrated aqueous stock- solution of the marking composition 
was prepared by ' dissolving o '. 1 % w/w of potassium iodide in high 
purity distilled watejr. 5.0 g of 'that stock solution was then 
added to .995.0 g of a ' commercial perfume to prepare a reference 
marked eau 'de cologne; having an iodide concentration of 5 ppm. 



To simulate 'criminal. 



adulteration, the reference marked perfume 
was subsequently "diluted" ' with non marked product to. various 
extent, making up perfume A .to D as .can.be seen in Table 4. 



Before- starting the authentication measurements ,. the combination 



iodide ISE electrode 



(SENTEX) was activated by dipping it for 30 
minutes in 10 ppm aqLeous potassium iodide solution and con- 
nected via the ELIT AD converter to the Laptop computer. 



detector 



The .ISE iodide 
tion procedure as de 
■ml of the reference- 



was calibrated according to the calibra- 
scribed above' for example 2 except that 20 
marked eau de cologne were used- . 



Empfajtsszeit 2..Juli 1 7 : 41 • •' 



02-07-03 17:47 VON -Hepp Wanger 4 Ryffel AC. ?/i I 



PSIC076EP / 02.07,03 



+41-71-9139556 



29 



T-755 038/047 F-937 



PSXC076SP-0300295 



The marker concentration* in the sample* A to D was then measured. 
The measurement procedure was- identical as describe for example 



2. Table 4 lists the measured potential values together with the 
.corresponding- extrapolated and . calculated concentration level 
(from Nernst law and" calibration measurement) and the comparison 
values with the. theoretical values. 

Table .4 



Eau de cologne 




A 


B 


• C 


D .' 


Iodide concentration <|ppm) . 


' s -o. ! 


4 . 0- . 


2.0. 


0-0 


Measured Voltage (irfvy J Field)' 

. _• « 


167.09 


-160.25 


-140 .-69 


-38.63 


Extrapolated concentration 
(ppm) ' (Field Audit) ' 


4.97 


3.81' 


1 . 77 


0.03 


Status • report (Field j 


uidit) 


*. 


*** 


*** 





Genuine; **':, Counterfeit/ *** : Adulterated 

From' the above Field audit results it' is concluded that sample A 
is genuine marked alcohol, sample*. d" is counterfeited alcohol and 
sample B and C are genuine marked products which have- been adul- 
terated to various, extent . 

Example 4 s Marking of a commercial drug tablet (paracetamol, 
acetaminophen) with iodide and potassium ions/ 

The natural ionio content of Iodide and potassium in the drug 
tablet to be marked .was! measured using a Iodide and a potassium 
Ion Selective Electrode (by "dissolving" 10 % of the drug in wa.- 
ter) . Both ionic 'consents' were determined to be below the detec- 
tion limit of the tw:> ISE sensors, namely, p. 06 ppm for the Io- 
"dide sensor and 0,04 ppm for the potassium sensor.. Iodide and 
potassium were consequently determined' as being suitable for the 
marking of the commercial- drug* tablet:- 
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A concentrated powder itock product containing the marking com- 
position was prepared iy mixing ! % w /w of potassium iodide wit* 
commercial drug tablets which have been previously finely ■ 
crushed with a pillar jmd mortar. o.SO g of that stock powder " 
was tnen added to 9.40^ of a commercial paracetamol tablet" to 
prepare a reference .mafrked paracetamol powder with concentre-' 
tions of 600 pptn K + and 1". 

- To simulate criminal- Jdulteration, the reference marked drug was 
subsequently adulterated with non marked paracetamol powder 
product, making up drjg A to c. as can be seen in Table s. 

Before starting the authentication measurements, .the combination 
xodide and potassium ISE electrodes (sentek) were activated by 
. dipping them for 30 minutes in 100 ppm aqueous potassium- iodide 
,. • solution and connecte^ via the sWad converter to the Laptop • . 
computer. • ! * 



The ISE. iodide and poftassium detectors were then calibrated by 
using. 2 .o g of the reference narked • drug powder partially -dis- 
solved" in 18.0 g of deionised water.; The further calibration 



• -«.^wx reJ . wiiOTauion 

procedure was carried out as described above, for exa^le 2 ex- ■ 
cept the use of a solution of the marked drug. 

The marker concentration in the sample A to c was then measured 
The combination electrode are immersed in a solution made of 2 0 
g of paracetamol powjler from a crushed tablets- and 18.0 g of de- 
ionised water. The measurements were performed as- described 
above. Table 5 lists the measured .potential values together with 
the" corresponding exjtrapolated and calculated concentration 
level (from Nernst ikw and calibration measurement) and the com- 
• parxson values with (the- theoretical values. • • 
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Drug powder 




'A 


B 


C 


Iodide concentration i: 
tion(ppm) 


l solu- 


60.0 


30.0 . 


00. 0 


Iodide sensor 
Measured Voltage (mV). 


i 

i( Field) 


-234.16 


-213.45 


-69.01 


Extrapolated concentra 
(I" ppm) (Field Audit) 


tion 


OS* • u 




y - os 


Potassium concentratic 


n- (ppm) 


60.0 


• 30.0 


0.0 


"Measured Voltage (mV) J (Field) 


.78.54 . 


• 50.53 


-38.20 


Extrapolated conqentrd 
(iCppm) (Field Audit) 


tion 


60.1 


20.10 


0 ..63 


Status report {Field 2 


.udit) 


O* 


A*** 


c** 



*: Genuine; **: Counterfeit/ ***: Adulterated 

From .the above Field audit results it is concluded that sample A 

* 

is genuine marked druj tablet, sample C is counterfeited drug 
and sample B is a genuine marked, product which has been adulter- 
ated to. 50% with a nofn marked product, 
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A method for markin? a material, preferably a liquid, the 
method' comprising t tie steps of : • 

a) identifying at ■ Jeast one ion comprised in the said mate-, 
rial at a concentration level of. below SO ppm in the un- . 
marked state; 

b) ' selecting a marking composition comprising at least one 

ion as identified in step a) . and preferably selecting a 
said ion from the groups. of ions being comprised in stan- 
dard sea water; 

c) incorporating the marking composition of step b)\into the 

said unmarked material; 
wherein the concentration level of the said at least one. ion 
in the marked matirial is increased in step c) by " at least . 
the factor, of 3, ireferably of 5.. and even more preferred of 8 
as compared to thj ' concentration level of the. ion present in 
the unmarked material . 

A method for marking., and identifying the authenticity of ma- 
terial/ preferably an aqueous or . non-aqueous I liquid, the 
method comprising the steps of : 
" a) identifying at.' least one ion comprised in the said mate- 
rial at a concentration level of below 50 ppm in the un- 
marked state.;' . 

selecting a marking composition comprising at least one 
ion as identified in step, a), and preferably selecting a 
. said ion f romj the group of ions being comprised in stan- 
dard sea. watejr; 

c) incorporating 1 the marking, composition .of step b) into the 
• unmarked material, the altered concentration level -of. the 



b) 



at least one 



ion being defined as- a reference value ; 
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d) measuring in tfai marked material the individual concen- 
tration of the iaid at least one ion by the means of a 



sensor; and 



e> comparing the measured value with at least one reference 

value and indicating the result of the comparison; 
wherein the concentration level, of the said at least one ion 
in the' -marked material is ' increased in step c) by at least ' 
the factor of 3. "preferably .of 5 and even more preferred- of 8 
as' compared to the! concentration level of the ion present in 
the unmarked materjial. 



J 



3. -A method according to one. or- more of claims 1 or 2," wherein, 

prior to step a> , (the concentration level of at least- one ion 
in the unmarked material is determined.. 

4. A method according to' one or more of claims 1 to 3, wherein 
said marking composition comprises at least one salt of the 
group comprising (inorganic salts and organic salts. '; 



5 . A method ace 
said ion is an 



ordirg 



to one or more of claims' l to. 2, wherein 
inorganic .'anion. 



A method according to -one or more of claims 1 to 5 , wherein 
said ion i-s an anion selected from the group, comprising fluo- 
ride ,• chlor ide, bromide, iodide, borate/ carbonate, nitrate, 
phosphate, sulfate,, and selenate. 



7. A method according to one or more of claims 1 to 6, wherein 
said ipn is an ikorganic cation- - 1 

8. A method for.- marking a material according to claim 7, wherein 
said ion . is an cation selected, from the group, .comprising am- ' 
monium< + ), lithxum U) , sodium (+) , potassium ( + V, rubidium.( + ) , ' 
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cesium(+), magnesium (2+) , calcium{2+) , strontium (2+) bar-' 
ium(2+), iron W+M) , cobalt(2 + >, nickel (2+)', copper (2-0 , 



and zinc (2+) 



9. 



A method according 
terised in that the 



to one or more of claims ' l to 8, charac- 
material is' an alcoholic beverage/ a per- 
fume, a cosmetic product, a drug or pharmaceutical ingredi- 
ent. • 



1Q. A method of identifying the authenticity of a material, the 
material being marked according to a method according to one 
or more of claims k or 3 to 9, the method comprising the 
steps, of : • j 

•a) providing reference . values of at least one ion comprised 
. in a marking composition which has been added to the ma- 
' terial; J ' 

b) measuring by the means of - a sensor an individual concen- 
. tration of at least one ion in a- material to be. identi- 

f ied, the senspr being capable of measuring individual 
. concentration .values . of the ionic compound; .and 

c) comparing the Measured value with at least one reference 
value and indicating the' result of the comparison. 

11. The method of oni or more of " the claims 2 to 10, character- 
ised in that the'j sensor is an electrochemical sensor, pref- ' 
erably an ion-selective electrode. 

.12. The method' according to ciaim.ll, characterised in that the 
ion selective electrode is a -multi -ion- selective electrode. 

13. The method according . to one or more of 'claims 2 to 10, char- 
acterised in. that . the 'sensor is. a. ion-selective Field Effect 
Transistor. 
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14. The method according to one or more of claims 2 to 13, char- 
acterised- in that the measuring step is performed as- a field 



audit analysis. 



I 



15. The method according to one or more of claims 2 to 14;' .char- 
acterised in that the method further comprises the step of an 
off-the-fieia. laboratory analysis for confirmation of a field 
audit analysis. 

16. The method according to claim 15, characterised in that , the 
of f -the-f ield laboratory analysis is performed by analytical 
methods comprising, atomic absorption spectroscopy (AAS) , ion 
chromatography (ic|) , mass spectrometry (Ms) , or combinations ' 
thereof . 

1.7- A marked material, preferably, a marked foodstuff or drink; a 
marked pharmaceutical or a marked cosmetic product, obtained 
according to a method according to one or more of claims l or 
3 to 10, characterised in that the concentration of the ions 
incorporated in tie marked material,' the said ions being com- 
prised in said marking composition, is- non-toxic With respect 
to human or animatL use. 
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The invention discloses 



a method and means for identifying the 
authenticity and the genuine nature of a solid or liquid bulk 
'material, by incorporating a marking composition containing at 
least one trace ion intio the said bulk material, whereby the to- 
tal concentration of the incorporated trace ions . in the marked 
bulk material is chosen to be lower than the corresponding con- 
ions in standard sea water. The authen- 
nature or the adulteration level of the 



centration of the same 
ticity and the . genuine 



marked bulk material cskn be tested' in-the-field using : electro- 
chemical sensors, and jzonf irmed in the laboratory using a method 
such as atomic 'absorption spectroscopy, ion chromatography or 
mass spectrometry. 



I 
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